Summary: An optimized micromethod for the determination of soluble acetylcholinesterase and pseudocholinesterase in gastrointestinal biopsy tissue is introduced. Enzyme activities were obtained from measurements of total activity and activity in the presence of an inhibitor of pseudocholinesterase. Optimal conditions of measurement were established for enzymes in serum or erythrocytes. In intestinal tissue, measurements were precise and reproducible. Interference by blood contained in the biopsy specimens were found to be neglegible. Also drugs used for premedication had no significant influence. Finally, results from normal stomach, duodenum and colon are presented.
Introduction tissue causes obstruction (3) . Diagnosis usually is made from radiological findings, manometry and histoCholinesterases may be found in relatively high activities chemistry of cholinesterases (4) , Recently a biochemical in gastrointestinal tissues. By histochemical techniques assay of acetylcholinessterase and pseudocholinesterase two enzymes have been differentiated, namely acetylwas used for the diagnosis (5) . As in histochemical cholinesterase (EC 3.1.1.7) and pseudocholinesterase studies both the enzymes were differentiated by using (EC 3.1.1.8) (1) . In animal studie's, distribution of the an inhibitor of pseudocholinesterase, a technique that enzymes was different: both were contained in the had been suggested by Augustinsson (6, 7) . We report ganglia and in the connecting fiber tracts of the myenteric here an optimized method for the biochemical deterand submucous plexuses; acetylcholinesterase was found mination of both the enzymes which allows measureaione in certain epithelial cells and muscle fibres of the ments in 2-3 biopsy particles obtained during routine villi, äs well äs in the circular muscle; pseudocholinendoscopy. As an inhibitor of pseudocholinesterase, esterase was present almost exclusively in the longitudinal lysivane (lO-(a-diethylaminopropyl)phenothiazine) muscle, in the muscularis mucosae and in argyrophil cells was used. En2?yme measurements are based on the (l, 2). In clinical medicineHirschsprung's disease has following equations (8, 9) : The product 5-mercapto-2-nitrobenzoic acid is a yellow compound. Its formation is followed photornetrically. For the development of the method studies were also performed in human serum, which contains pseudochoünesterase, and in erythrocytes with high activities of acetylcholinesterase.
Materials and Methods
Preparation of tissue samples Tissue specimens were obtained during routine endoscopy by forceps biopsy. By histological examination they were classified äs "normal". Patients gave written, informed consent. For experiments which required numerous samples mucosal tissue of larger specimens removed at operations was used. The assay could be performed satisfactorily in 2-3 particles weighing 10-15 mg. The specimens were placed in 4 ml 0.1 mol/1 phosphate buffer, pH 8.0. The,y could be kept refrigerated at 4 °C for at least 2 days without loss of activity. For assay, biopsy particles were homogenized at 0 °C in a motor-driven PotterElvehjem homogenizer at 1100 min" 1 for 3 min. Then the homogenate was centrifuged for 10 min at 5000 g. Assays of enzymes and protein were performed in the supernatant. Blood was drawn from healthy volunteers. Erythrocytes were obtained from samples with EDTA äs an anticoagulant. They were washed 5 times with saline and finally resuspended in distiüed water for haemolysis. Assays were performed after 1:200 or 1:2000 dilution with 0.1 mol/1 phosphate buffer, pH 8.0.
Determination of cholinesterases
For practical purposes the following Solutions were prepared: 0.1 mol/1 phosphate buffer pH 6.7, pH 7.0, pH 8.0 (from potassium dihydrogen phosphate and disodium hydrogen phosphate according to Standard procedures).
Color reagent
39.64 mg 5,5-dithiobis-(2-nitrobenzoic acid), (Boehringer Mannheim, Mannheim, FRG) and 15 mg sodium hydrogen carbonate were dissolved in 10 ml 0.1 mol/1 phosphate buffer, pH 7.0. This solution is stable for l week (9) . Substrate 21.69 mg acetylthiochoiine iodide (Boehringer Mannheim, Mannheim, FRG) was added to 4.95 ml distüled water followed by 0.05 ml l mol/1 hydrochloric acid to decrease non enzymic hydrolysis. This solution is stable at 4 °C for several weeks (10).
All reagents were analytical grade and if not stated otherwise obtained from E. Merck, Darmstadt, FRG.
Procedure
For determination of total cholinesterase activity 2 ml color reagent solution were mixed with 14 ml 0.1 mol/1 phosphate buffer pH 6.7. Acetylcholinesterase was measured in the presence of lysivane: 2 ml color reagent solution and l ml lysivane solution were added to 13 ml 0.1 mol/1 phosphate buffer pH 8.0. For enzyme assay 0.2 ml were mixed with 0,5 ml iample solution in microcuvettes. After 15 min preincubation thereaction was started by the addition of 0.05 ml Substrate solution. Concentrations in the cuvette were äs follows: 333 Aimol/1 5,5-dithiobis-(2-nitröberizoic acid), l mmol/1 acetylthiochoiine iodide, 13. 2 1/1 lysivane; the pH was 7,4. The reactipn was followed in a photometer with attachments for semiautomatic enzyme measurements (Eppen<iorf Geräte-bau, Hamburg, FRG; models 1101 M (photometer), 6452 (enzyme calculator), 6522 (printer)). The temperature was kept constant at 25 °C. The wave length was 405 nm, and the light-path in the cuvette l cm, The molar lineic absorbance of S-mercapto^nitrobenzoic acid at 405 nm is 1330 m 2 X mol' 1 (13.3 X 10 3 l X moi' 1 X cm" 1 ) (10). Measurements were perf ormed in triplicate. (If little specimen material is available determinations can also be carried out in duplicate. Homogenization should then be performed in 3 ml buffer solution.) If 6 cuvettes were measured automatically once every minute, the factor for calculation of enzyme activity (U/1) was 40.26. For the determinatipn of spontaneous hydrolysis of acetylthiochoiine iodide, measurements were also performed with buffer instead of sample solution. If necessary this readirig was subtracted from the enzyme activities. Activity of pseudocholinesterase was calculated äs the diffefence between total cholinesterase activity and acetylcholinesterase activity. Protein concentration in the supernatant was deterfnined according to Lowry et al (11) . Statistical calculations were performed on a Hewlett-Packard 97 Computer. Results are expressed äs the fnean ± Standard deviation.
Results and Discussion
If the enzyme reaction was started by adding acetylthiochoiine iodide there was an immediate increase in absorptiön. The kiftetics followed almost zero Order.
Studies in human erythrocytes and serum
In Order to establish optimal conditions of measurement investigations were performed in erythrocytes, which contain acetylcholinesterase, and in serum, which cont ains pseudocholinesterase.
Pseudocholinesterase inhibitor 21M mg lysivane (kind gift from Rhone-Poulenc, Paris, France) were dissolved in 30 ml 2 mol/1 hydroehloric acid and made up to 100 ml with 0.1 mol/1 phosphate buffer, pH 7.0. This solution is stable at 4 °C for several weeks (5) . Some experiments were also carried out with "Astra 1397" (kind gift of Astra AB, Wedel, FRG), atropine, butylscopolamine (Boehringer Ingelheim, Ingeiheim, FRG), diazepam (Hoffmann-La Röche, Grenzach, FRG), pethidine, levallorphan (both Hoechst, Frankfurt, FRG), and triflupromazine (Heyden, Munich, FRG).
Influence of Inhibitors on acetylcholinesterase and pseudocholinesterase
In order to stüdy the effects of inhibitors, pseudocholinesterase activity in serum was measüred in the gresence of various coneentrations of lysivane. Inhibition was proportional to lysivane concentration (fig, 1) same way, there was only a small decrease in activity. 13.2 μιυοί/ΐ lysivane was found to be the optimal concentration, because there was a maximal Inhibition of pseudocholinesterase (94.6%) and only minimal Inhibition of acetylcholinesterase (5.4%) ( fig. 1 ). Similar findings were also reported byDale et al. who found 14.2 μηιοΐ/ΐ to be the optimal inhibitor concentration (5). When Astra 1397, which is structurally related to lysivane, was investigated in a similar way, the "optimal concentration" was 44.5 /miol/l. A similar effect had been reported previously, the concentration recommended for Inhibition of pseudocholinesterase, however, was 165 μτηοΐ/ΐ, which is almost 4 times higher (6) . We decided to employ lysivane s an inhibitor.
Influence of pH value on enzyme activities
There was a strong influence of pH value on activities of acetylcholinesterase and pseudocholinesterase ( fig. 2) . In order to keep non-enzymic hydrolysis of acetylthiocholine iodide low, it has been recommended that me suremerits be performed at pH values below 7.8 (19). In our assays the pH therefore was adjusted to 7.4.
Studies on human gastrointestinal biopsy tissue

Influence of concentrations ofthe Substrate and the color reagent on enzyme activities
If the concentrations of acetykhiocholine iodide are increased enhancement of non-enzymic hydrolysis occurs (9) . Also there is considerable Inhibition of product. formation at concentrations beyond l O" 3 mol/1 (9) . In order to further establish optimal conditions of measurement, various concentrations of acetylthiocholine iodide were tested in the same sample. Results from a typical experiment are given in figure 3 . Clearly the enzyme was inhibited at concentrations higher than 2 X l O" 3 niol/1 acetylthiocholine iodide. We therefore decided to carry out our tests at l O" 3 mol/1 acetylthiocholine iodide. Tliis is liigher than the concentrations that vvere previously reported for measurements in tissue homogenates, vvhich ranged between 47 jumol/l (9)and500Mmol/l(5).
In a similar manner various concentrations of the color reagent were investigated. There was no influence on the enzyme activities over a ränge between 33 / and 660 jumol/l 5,5-dithiobis-(2-nitrobenzoic acid). In the tests a concentration of 330 /1 5,5-dithiobis-(2-nitrobenzoic acid) was used.
Calibration curve
The calibration curve was constructed by diluting the supernatant of human colonic mucosal homogenate with various quantities of 0.1 mol/1 phosphate buffer, pH 8.0. There was a linear relationship between the concentrations of enzyme and measured enzyme activities ( fig. 4 ). This finding was tme for total cholinesteräse äs well äs for acetylcholinesterase. order of magnitude of enzyme activities usually measured (5-20 U/l). On the other hand if erythrocytes were counted in the tissue homogenate, their number was relatively low: it was around 200/mm 3 (ränge 50-450). This would mean an acetylcholinesterase activity of about 0.2 U/l, which is less than 5% of activities usually measured. Also after centrifugation, erythrocytes practically disappeared from the supernatant and were seditnented with the pellet. This indicates that interference in the measurements was even less, provided that erythrocytes were kept intact and not destroyed by homogenization, haemolysis or freezing.
Serum contains about */3 of the cholinesteräse activity found in packed erythrocytes. If one assümes that the quantities of serüm and erythrocytes in tissue were about equal, interference from sefum pseudocholinesterase should be even lower than from eryt&rocyte acetylcholinesterase. The inhibitor will also eliminate pseudocholinesterase activity in measurements of acetylcholinesterase.
Disturbances by drugs
During routine endpscöpy various drugs are emplöyed, which may influence enzyme activities. We found that promethazine and triflupromazine, which are structurally related to lysivane, inhibited pseudocholinesterase only at concentrations higher than those encountered in therapy. Atropine, butylscopolamiiie, diazepam, pethidine and levallorphan did not influence enzyme activities.
Quality of measurements
In order to determine the precision of measürements the supernatant of colonic mucosal homogenate was assayed 12 times. Total cholinesteräse activity was 1.8 ± 0.01 Ü/l. The CV was 6.1%. Acetylcholinesterase was determined in another sample 12 times. Enzyme activity was 5.3 ± 0.02 U/L The CV was 4.2%.
Reproducibility was studied in the same sample on 12 different occasions with newly prepared reagents. Total cholinesteräse measured 2.8 ± 0.09 U/l. The CV was 3.2%. Acetylcholinesterase in another sample was 2.6 ± 0.1 U/l, the CV was 4.1%.
Disturbance of measurements in mucosal tissue by erythrocytes and serum
The question arises concerning the quantity of pseudocholinesterase from serum and acetylcholinesterase from erythrocytes that might be contained in mucosal biopsy tissue and thus interfer with measurements. We found that l erythrocyte contains about lO^9 U acetylcholinesterase activity. If one assumed that the biopsy particies consisted solely of erythrocytes their calculated enzyme activity would be about 3 U/l which is almost in the
Results from normal biopsy specimens
During routine colonoscopies and gastroscöpies, biopsy particies were taken from various regions. If by histolögical classification they were judged to be "normar', enzyme activities were included in table l. We decided to refer measured enzyme activities to protein concentration rather than to wet-weight, since it prove^ to be difficult to rule out disturbances from evaporation. Also it is customary to refer soluble intestinal enzymes to protein conteni, e.g. invertase (12) . In stomach, enzyme activities were in the same order of magnitude, if results from fundus, corpus and antrum were compared. There was, however, a tendency towards increase of pseudocholinesterase in the antrum. It has been demonstrated previously in various animals that gastrin producing G-cells are rieh in pseudocholinesterase (2) . From this finding it is tempting to speculate that the increase in pseudocholinesterase reflects the content of G-cells in antral mucosa.
ZINSSER 4NALYTIC
In duodenum, enzyme activities were higher than in stomach. The increase was abqut equal in both enzymes, their ratio remaining close to 2. This is in agreement with our findings in rabbits, which exhibited a cont inuous increase in enzyme activities in duodenum and jejunum, whereas there was a continuous decrease in ileum (unpublished results).
In colon, the content of pseudocholinesterase was higher than in stomach and duodenum, and the fatio to pseudocholinesterase was close to l. Also there was a continuous increase from coecum to rectum in both enzymes, but somewhat more in acetylcholinesterase.
The question arises äs to how far these results have a physiological or clinical significance. Interpretation is hindered by the almost complete absence of Information in the literature on the mucosal distribution of both enzymes. Moreover we do not know whether the soluble enzymes measured here are actually identical with total activities: from intestinal muscles of guinea-pigs only a fraction of the total enzyme activity could be extracted by homogenization (13).
Measurement of pseudocholinesterase and acetylcholinesterase has been of value for the diagnosis of M. Hirschsprung. It was shown that in rectal tissue there is an increase in acetylcholinesterase whereas pseudocholinesterase remains within normal ränge (14, 15) . In this connection the demonstration of an abnormal molecular form of acetylcholinesterase in M. Hirschsprung should be mentioned (16). We have so far investigated l patient with this disease. In this case both acetylcholinesterase and pseudocholinesterase were grossly elevated, but the quantitative relationship of the enzymes was unchanged. This finding isMifferent from those reported in the literature (14, 15). On the other hand direct comparisons are difficult to make because the conditions of assay were different, e.g. total enzyme activity and acetylcholinesterase were measured at different pH-values (7.9 vs. 7.4), which would affect readings considerably ( fig. 2 ). Also enzyme activities were refered to wet weight rather than to protein content. This perhaps may account for the great Variation of results reported from intestinal tissues other than rectum (5, 14) .
Further investigations will be necessary to establish the value of acetylcholinesterase and pseudocholinesterase for other dinical problems, e.g. for the diagnosis of unclear constipation.
